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Introduction

Reforestation and ecological restoration programs initially rec-
ommend local species implantation (Society for Ecological Res-
toration International Science &  Policy Working Group, 2004). 
However, in Algeria, a wooded area of over 3 million ha has been 
reforested by the Aleppo pine instead of its native species such as 
Quercus faginea Lam; Q. ilex L.; Tetraclinis articulata (Vahl) Mast; 
and Pistacia atlantica Desf (Brague-Bouragba et al., 2007). In fact, 
solving this issue mandate trying to understand the most con-
ducive approach to the growth of a given species in given areas. 
As result, species distribution models (SDMs) can be a useful ap-
proach to solve this. In general, SDM can be defined as the pre-
dicted distribution of species in the landscape according to the re-
lationship between the presence of the species and environmental 
variables (Guisan et al., 2002). However, various SDMs exist such 
as CLIMEX, Genetic Rule Set Generation (GARP) algorithm, and 
Maximum Entropy (MAXENT). Each of these SDMs can be suc-
cessfully used to assess distribution areas and ecological require-
ments and/or responses (Guisan, Thuiller, 2005; Phillips et al., 
2006; Phillips, Dudík, 2008). Yet, each of the SDMs serves a pur-
pose; MAXENT was proven to outperform other SDMs if small 
samples are used (Elith et al., 2006; Kumar, Stohlgren, 2009; Pear-
son et al., 2007). However, it is important to note that details and 
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quality influence the overall SDM. For example, high-resolution 
topographic data (i.e., reflect local ecological conditions) are able 
to generate better predictive model. On the hand, low-resolution 
data are able to generate smoother environmental gradients in 
the large-to-medium scale (Zhang et al., 2016). DEMs and their 
derived topographic indices (e.g., slope, aspect, and topographic 
wetness index) are routinely calculated using geographic informa-
tion systems (GIS) and are widely used as surrogates for a variety 
of environmental variables measured in the field such as tempera-
ture, incoming solar radiation, and soil moisture (Hengl, Reuter, 
2008), and have long been used for a wide range of studies in ecol-
ogy (Leempoel et al., 2015; Lecours et al., 2016; Zhang et al., 2016).
This is becoming a common practice in SDM ecological modeling 
(Lassueur et al., 2006; Mod et al., 2016; Zhanget al., 2016), as it 
is strongly correlated with temperature, precipitation, moisture, 
soil nutrients, and geomorphological processes (Agnew, Palutikof, 
2000; Das et al., 2015; Leempoel et al., 2015; Ayache et al., 2020).

As a result, in this study, we were able to model the spatial 
distributions of four forest species (i.e., Quercus faginea Lam. 
Q. ilex L., Tetraclinis articulata (Vahl) Mast., Pistacia atlantica 
Desf) in the Saida region, based on topographic predictors de-
rived from DEM, with the interest of obtaining a relatively high-
resolution distribution map (≈100m), which can be used in the 
management and reforestation programs.
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Fig. 1. Geographical situations of study areas.

Species Number of records registered
Pistacia atlantica 33
Qurecus faginea 23
Qurecus  ilex 44
Tetraclinis articulata 32

Table 1. Number of presence locations of target species used for 
MAXENT analysis.

Material and methods

Study area

The study area is located in northwestern Algeria, covers a total 
area of 6,765 km2 this territory frame in space is defined by lati-
tudes 34°31› to 35°16›N and by longitudes 0°34› to 0°93›E. The 
altitude varies between 323.5  and 1,348.2 m (Fig. 1).

According to the phytoecological studies carried out by sev-
eral researchers in this region, it has been possible to give an 
average floristic composition fairly representative of the differ-
ent plant groups. The forest ecosystem covers more than 26% of 
the total surface, a rate higher than the national average impos-
ing a forestry vocation on the area. The state forests of Tendfelt, 
Djaafra, and Fenouane are the most important; they are domi-
nated by the Aleppopine groups and the Holm oak grouping fol-
lowed by the Oleo-lenisque grouping and the Tetraclinis articu-
lata grouping (Terras, 2011: Djebbouri, Terras, 2019).

According to available data from the nearest climatological sta-
tion (Rebahia station), for a period of 30 years from 1985 to 2015, 
the annual rainfall is about 361 mm year-1. The mean maximum 
temperature in the warmest months (July and August) and the low-
est average temperature in the coldest months (January and Febru-
ary) were 27 and 3°C, respectively. The climate in the study area is 
semi-arid Mediterranean; the seasonal regime of the zone is of the 
WASS type (winter, autumn, spring, and summer) with a dry period 
of almost 6 months from May to October (Zouidi et al., 2019). 

The study area is characterized by a nonnegligible forest sur-
face in the order of 174,361 ha, that is, 26.17% of the total area 
of which more than 59.67% are concentrated on 6  communes 
located on the Daïa Mountains and the Saïda Mountains (Terras, 
2011; Djebbouri, Terras, 2019).

Sampling of target species

Data collection in the field of natural populations spans over 
three years, between 2016 and 2018 in the region of Saida. A to-
tal of 132 geographic locations (geographic coordinates) of the 
presence points of the target species (Pistacia atlantica, Quercus 
faginea, Q. ilex, and Tetraclinis articulata) were recorded in the 
study area (Table 1, Fig. 2), where only single species record is 
kept in each single raster (i.e., spatial filtering to avoid pseudo 
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replication) (Fourcade et al., 2014; Giles et al., 2014; Khosravi et 
al., 2016).

Topographic data

The topographic variables used in the implement MAXENT 
model were of 100  m resolution and derived from the digital 
terrain model (DTM) provided by the USGS. The derived topo-
graphic variables were calculated using SAGA GIS and ArcGIS 
10.3 (Table 2). Thedistance to the Mediterranean sea (coastline) 
and distance to streams was calculated using the Euclidean dis-
tance function of ArcGIS software (Hardlife et al., 2020; Laala 
et al., 2021) and tested for correlations between using the SDM 
Toolbox (Hamdi et al., 2020).

Modeling procedure

In this study, the MAXENT model was generated by MAXENT 
software (version  3.3.3) using a set hyperparameters (Table  3) 
with 75% of the data reserved for model training, while the re-
maining 25% was reserved for model testing and validation.

Furthermore, according to Abolmaali et al. (2018), the Jack-
knife analysis was used to assess the importance of variables 

Fig. 2. Species occurrences.

Code Unit  Variables
Al Meter Altitude
DM Meter Distance to Mediterranean sea
Cas Dimensionnels Northern exposure = cos(aspect)
Sas Dimensionnels Eastern exposure =sin(aspect)
SD Meter Distance to streams
SL Radians Slope
TC Radians/meter Total curvature
TPI Meter Topography position index

Hyperparameters Value
Maximum number of background points 10,000
Convergence threshold 0.00001
Regularization multiplier 1
The maximum number of iterations 5000

Table 2. The selected variables.

Table 3. MAXENT model parameter settings.
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Fig. 3. ROC curves for the considered tree species.

used in the model. In general, Jackknife test produces a set of 
curves that represent the relationships between environmental 
factors and the probability of occurrence of the species. They 
demonstrate biological tolerances and habitat preferences for 
each species. Moreover, in order to evaluate the performance of 
the MAXENT model, the area under the receiver operator curve 
(AUC) metric was used and the values vary between 0 and 1, and 
the values can be interpreted as follows: AUC > 0.90 is Excellent; 
0.8≤ AUC ≤ 0.90 is Good; 0.7≤ AUC ≤ 0.8 is Acceptable; 0.6≤ 
AUC ≤ 0.70 is Bad; AUC < 0.60 is Invalid.

Suitability map

MAXENT produced probability raster (i.e., values ranging from 
0 to 1) of the potential presence of the species, representing hab-
itat suitability. In the present study, a cut threshold of 10% of 
was applied. This allows to select values above the cut threshold 
which means that 90% of the training samples are correctly clas-
sified. Furthermore, the suitability map was obtained by reclas-
sifying the probability raster into categories on the basis of Abrha 
et al. (2018).

Results and discussion

The results of the correlation matrix among variables (Table 4) 
show that the variables used in MAXENT model are safe to use 
(i.e., independent from each other and does not correlate), be-
cause all the correlation coefficients were below the recommend-
ed threshold of 0.7 (Merghadi et al., 2020).

Al DM Cas Sas SD SL TC TPI
Al 1.00
DM 0.66 1.00
Cas -0.08 -0.10 1.00
Sas 0.02 0.03 0.03 1.00
SD 0.03 -0.17 -0.02 0.00 1.00
SL -0.15 -0.22 0.03 0.00 0.17 1.00
TC -0.02 0.05 0.00 0.00 0.04 0.32 1.00
TPI 0.05 0.00 0.00 0.00 0.01 0.02 0.07 1.00

Table 4. Correlation matrix of selected variables.
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Fig. 4. Relative predictive power of different variables based on the jackknife of regularized training gain in MAXENT models for Pistacia 
atlantica (A), Quercus faginea (B), Q. ilex (C), and Tetraclinis articulate (D).  
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Fig. 5. Response curves of the most influential predictors for the four study species.
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The AUC of ROC values for the four species is shown in Fig-
ure 3. The generated models based on the MAXENT DSMs have 
shown to be excellent and accurate performance of an AUC value 
surpass 0.9 (Dou et al., 2021). Figure 4 and Table 4 show the re-
sults of jackknife tests. Figure 3 shows the response curves of the 
species in relation to the two main factors influencing the spatial 
distribution of each species. The results of Jackknife›s analysis 
showed that altitude, distance to Mediterranean Sea, distance to 
streams, and topography position index were the main factors 
influencing the distribution of these species.

Adequate habitats of Pistacia atlantica were distributed along 
the rivers and their relevance increases as the distance to the river 
decreases (DR <200m) in areas of altitude below 800. This corre-
sponds well to the fact that P. atlantica mostly grow in water con-
centration areas (i.e., thalwegs) at an altitude of approximately 

700 m (Benhassaini et al., 2007). Furthermore, altitude proven 
to be the most contributing variable with high gains especially to 
Quercus ilex and Tetraclinis articulata spatial distribution models 
with 55.3 and 67.1%, respectively.

Moreover, the maximum presence of T. articulata was limited 
to the altitude between 780 and 980 m, contrary to Quercus ilex 
which has a high probability of occurrence in areas higher than 
1180 m elevation. This corresponds well to the fact that Tetra-
clinis articulata is a thermopile species (Quézel, 2002) in the big 
Atlas or belongs the study area; it only appears at 800 to 1000 
meters altitude (Boudy, 1952). Alcaraz (1982) and Hadjadj-Aoul 
(1995) point out that at high altitudes T. articulata is sidelined by 
more cold-resistant species such as Quercus ilex. This altitudinal 
zonation is in full compliance with the observations of Achhal et 
al. (1980) and Quézel, Médail (2003).

Unsuitable area Less suitable area Suitable area
Pistacia atlantica 0.2278 0.2278 - 0.4556 0.4556- 1
Qurecus faginea 0.3220 0.3220 - 0.644 0.644 - 1
Qurecus  ilex 0.2574 0.2574 - 0.5148 0.5148- 1
Tetraclinis articulata 0.3014 0.3014 - 0.6028 0.6028-1

Table 5. Suitability threshold.

Fig. 6A. Potential habitat map of Quercus ilex.
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Fig. 6B. Potential habitat map of Tetraclinis articulata.

Fig. 6C. Potential habitat map of Quercus faginea.
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The seemingly suitable habitats of Q. faginea appear to be 
highly fragmented, with highly suitable areas located mainly in 
the northern part of the region (Fig. 5), in mountain ranges and 
their suitability increases as the value of TPI is negative (rep-
resents the depressions such as valleys and gullies); this corre-
sponds well to the fact that Q. faginea is encountered mainly in 
particular station conditions, humid ravines, valley bottoms, and 
shady slopes where a constant humidity reigns for a large part of 
the year (Achhal et al., 1980).

In our study and with the exception of Pistacia atlantica Desf., 
the distance from the sea was among the main factors influencing 
the distribution of the targeted species. This is mainly in the case 
of all the north of Algeria; distance from the sea among the factors 
that have a major influence on the spatial variability of precipita-
tion (Laborde, 1993; Meddi, Hubert, 2003; Meddi et al., 2013), and 
there is a negative relationship between continentality and remote-
ness from the sea, which translates into a decrease in precipita-
tion more than one distance from the sea coast (Mansour et al., 
2020). This is in agreement with other studies, which have shown 
that both degrees of continentality and elevation are the two envi-
ronmental factors that strongly modulate vegetation distribution 
(Nicolaci et al., 2014; Sanders et al., 2014; Ayache et al., 2020; Laala 
et al., 2021). This fits well with the fact that in the final model, the 
most suitable potential habitats for the four species were located in 
the northern parts of the region of Saida (Fig. 6 and Table 5).

Conclusion

In conclusion, the MAXENT models carried out as part of this 
research are able to predict with great accuracy the potential dis-
tribution of Quercus faginea, Pistacia atlantica, Quercus ilex, and 
Tetraclinis articulata in the Saida region. The topographic varia-
bles are proven to be very effective. Altitude, distance to Mediter-
ranean Sea, distance to streams, and topography position index 
were the main explanatory variables. The high-resolution maps 
produced in this study allow the restoration of all the affected 
areas taking into account the species of origin and carrying out 
any reforestation programs at the local level.
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